Supernova remnants (SNRs) are commonly believed to be the primary sources of Galactic cosmic rays. Despite the intensive study of the non-thermal emission of many SNRs the identification of the accelerated particle type relies heavily on assumptions of ambient medium parameters that are only loosely constrained. Compelling evidence of hadronic acceleration can be provided by detecting a strong roll-off in the secondary γ rays spectrum below the π 0 production threshold energy of about 135 MeV, the so called "pion bump". Here we use five years of Fermi-LAT data to study the spectrum above 60 MeV of the middle-aged SNR W51C. A clear break in the power-law γ-ray spectrum at E break = 290 ± 20 MeV is detected with 9 σ significance and we show that this break is most likely associated with the energy production threshold of π 0 mesons.
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Introduction 7
Supernova remnants (SNRs) are widely believed to be the sources of Galactic cosmic rays 8 (E < 10 15 eV). The verification of this hypothesis is possible by studying the γ-ray emission from 9
SNRs. The accelerated cosmic rays interact with surrounding matter and produce π 0 mesons that 10 sub-sequentially decay into γ rays leading to a characteristic break in the γ-ray spectrum at about 
20
W51C is an SNR identified by its radio shell and assumed to be 30 kyr old and at a distance 21 of 5.5 kpc (Sato et al. 2010 ). The SNR belongs to the larger W51 complex composed of one of 22 the largest star-forming regions in our Galaxy divided into two parts denoted W51A and W51B.
23
The SNR is located towards the south-eastern end of W51B and evidence for interaction between 24 the SNR shell and the W51B MC is provided by the discovery of two OH (1720 MHz) masers
25
by Green et al. (1997) . Further evidence is provided by high-velocity atomic gas that shows 26 velocity shifts between 20 km s −1 and 120 km s −1 with respect to the ambient medium (Koo 27 and Moon 1997). The OH masers and the high-velocity clouds are commonly interpreted as
28
1 The break required in the right position of the lepton energy spectrum and the extremely hard spectral index, unexplainable by conventional diffuse shock acceleration, render leptonic model explanations unlikely.
-4 -the result of shock waves penetrating into MCs. More recent measurements by Ceccarelli et al.
29
(2011) find an over-abundance of over-ionized gas in certain W51B locations close to W51C that 30 they interpret as the result of ionization through by-products of freshly accelerated cosmic rays 31 interacting with nucleons. All these measurements outline a compelling scenario in which the 32 W51C SNR shell is interacting with the MC W51B.
33
X-ray imaging of the region revealed a hard source denoted CXO J192318.5+140305, that 34 was identified as a possible pulsar wind nebula (PWN) related to the SNR (Koo et al. 2002 (Koo et al. , 2005 .
35
Such a PWN could also power relativistic particle acceleration resulting in γ-ray emission.
36
W51C was detected in 11 month of data by the Fermi-LAT and showed spatially extended 37 γ-ray emission above E > 2 GeV. The γ-ray spectrum showed curvature that required a break at 
47
Here we analyze five years of Fermi-LAT data and search for features that can identify the 48 parent particle type in the most detailed γ-ray spectrum of W51C derived to date.
49
-5 -
Observations & Data Analysis

50
The Large Area Telescope (LAT), the primary instrument of the Fermi Gamma-ray Space
51
Telescope mission, is a pair-conversion telescope sensitive to γ rays in an energy range from 52 20 MeV to E > 300 GeV. other independent spectral parameters too. In addition to the sources in Fig. 1 we also leave the 86 normalizations of the IEM and the isotropic emission template free in our analysis.
87
To estimate the systematic uncertainties on flux and spectral properties of W51C caused by and thus are negligible for the spectral analysis of W51C. In our study W51C is modeled by a 116 flat elliptical disk with five free parameters (R.A., Dec., minor axis, major axis, rotation angle).
117
In the best-position fit we use the best-fit spectral values obtained with the previously published from cosmic-ray interactions decreases more rapidly than the source spectrum.
139
The significance of the break is obtained by fitting W51C using the likelihood approach The envelope over all statistical error bars of the eight alternative IEM SEDs is shown by the blue band. A break in the SED around 300 MeV, as well as a second one at about 3 GeV, are clearly visible for all the IEMs used.
-12 -between 60 MeV and 3 GeV once with a smoothly broken power law of the form at the break energy, is assumed to provide conservative systematic uncertainties. Additionally we 149 apply the same method using the eight alternative IEMs and obtain very similar results for E break .
150
The alternative IEM fits allow us to estimate the systemaitc uncertainty of the break energy by energy dispersion in our analysis leads to a lower significance of the detected low-energy break.
161
The break in W51C shows very similar properties (E break , Γ 1 , Γ 2 ) compared to those of the SNRs contribute insignificantly to the total γ-ray emission and hence are neglected.
194
For all tested processes the parent particle spectrum is modeled by a broken power law 
199
The best-fit spectra are shown in Fig. 4 and the only adequate description of the Fermi-LAT spectral shapes that allow for another low-energy break in the lepton spectrum might be able to 205 explain the W51C spectrum as due to bremsstrahlungs processes but again that would require 206 strong fine tuning. Therefore we find the hadronic explanation of the γ-ray spectrum the most 207 convincing model.
208
We also fitted the SEDs obtained using the alternative IEMs to asses the modeling dependency 209 to the dominant systematic uncertainties with the aforementioned processes. The proton-proton 210 mechanism is always significantly favored above the bremsstrahlungs description.
211
The proton spectrum has a rather soft spectral index below the break of Γ 1 = 2.48 ± 0.02 212 compared to the Γ = 2.0 or harder predicted by DSA. However, we note that fixing the spectral Only the proton-proton model describes the data reasonably.
-16 -spectral indices (Γ = 2.36) very similar to W51C.
216
We determine the break momentum to p break = 81.3 proton-proton induced γ-ray spectrum with a broken-power-law spectrum in momentum space of 228 the parent particles.
229
These results make W51C the third undoubtedly identified cosmic-ray accelerating SNR.
230
As with the other two SNRs, IC 443 and W44, W51C is a middle-aged SNR that is not expected 231 to contain any longer the highest-energy cosmic rays it accelerated in its youth. All three of 232 these objects require a broken power-law momentum spectrum of the protons. The break in 233 the momentum spectrum is unconnected to the π 0 break in the γ-ray spectrum but is required 234 to describe the high-energy part of the W51C γ-ray spectrum. The nature of the break in the 235 parent particle population is unknown but since there is no energy-dependent morphology found 236 in the Fermi-LAT energy range 5 two independent proton particle populations seem unlikely to but this scenario results in an exponential cut-off in the parent particle spectrum and not a break.
240
Such an exponential cut-off is not sufficient to model the W51C data or that of the other two few-to-hundreds of GeV/c in these three SNRs can not be conclusively explained at present.
254
The differences in the environments of these three SNRs might explain the differences in the break in the parent particle spectrum is already evident using only Fermi-LAT data.
-18 -Array, will reveal the acceleration capabilities of W51C. Also more detailed morphology studies 262 of W51C will help to bring further insight to what part of the MC-SNR interaction leads to 263 modifying the cosmic ray spectrum around the high-energy break and provide vital input to the 264 development of theoretical models that will be able to explain the current data.
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